HbCO in blood sampled from 20 mothers and newborns immediately after birth was measured with a new, simple gas-chromatographic method for CO. The mean ratio of HbCO to total hemoglobin for 13 non-smoking mothers did not differ significantly from that for their infants (mean 0.38%, SD 0.26% vs 0.38%, SD 0.13%), but the HbCO ratio varied more in the mothers than in the infants (P <0.05). The infants of seven cigarette-smoking mothers, tobacco-abstinent for 7 h during labor, had higher HbCO ratios than their mothers (mean 1.88% vs 1.28%, P <0.05). The results are in harmony with the concept of equal affinities of fetal and adult hemoglobin for CO and a long time for passage of CO across the placenta.
Carbon monoxide (CO) pollutes the environment, mainly from vehicular traffic and smoking. It is also produced endogenously from the breakdown of heme pigments (1), and measurement of carboxyhemoglobin (HbCO) can be used as an indicator of hemolysis (2, 3). CO combines reversibly with hemoglobin to form HbCO, thus decreasing the oxygen-carrying capacity of the blood and shifting the oxygen dissociation curve to the left. Interpretation of a HbCO ratio measured in a newborn is sometimes required, because newborns may suffer from increased hemolysis or hypoxia, but the relation to maternal HbCO is controversial. We therefore wanted to compare fetal and maternal HbCO ratios, using a new gas-chromatographic method for HbCO. To our knowledge, gas chromatography has not previously been used to measure paired fetal and maternal HbCO ratios.
Materials and Methods
Twenty mothers and their infants were examined immediately after birth, with the mothers' informed consent. The pregnancies and deliveries were uncomplicated, and all infants (nine girls, 11 boys) were healthy. Seven of the mothers smoked cigarettes (10 to 20 per day), 13 were nonsmokers. The mean interval from the last cigarette was 7 h (range 1 to 15 h). Five milliliters of heparinized blood was taken from an arm vein of the mothers or from the umbilical vein of the infants. The blood was kept at 4#{176}C in closed tubes until measurement the same or the next day. CO in blood was measured in duplicate by gas chromatography (4,5) in a gas chromatograph with a flame ionization detector (Hewlett-Packard, Model 5750 G). The '/s-inch steel column used to reduce CO to Cl!4 was filled with nickel catalyst for 20 cm, and the remainder was filled with sand. H2 was used as carrier gas at 250 #{176}C, at a flow rate of 20 mb/mm. N2 was used as purge or make-up gas via the hydrogen inlet, at a flow rate of 40 mlJmin.
The air flow rate was 500 mb/mm. No special equipment was necessary, the only difference from usual being another column and the interchanged H2 and N2 gas connections. Capped 15-mL vials used for sample preparation were flushed and ifiled with pure H2, and the pressure was equalized. To create and keep an overpressure, a total of 7 mL of liquid was injected into the vials with the cap downwards: first, 1 mL of a solution containing, per liter, 10 g of saponin and 0.2 mol of K3Fe(CN)6, in citrate buffer (0.1 molJL, pH 6.0), then 1 mL of blood. The mixture was rotated for 10 mm, which sufficed to hemolyze the blood, convert all hemoglobin to methemoglobin (MetHb), and release all CO. Finally, 5 mL of a 1 mol/L solution of NaOH was injected, and the mixture was rotated for 30 mm-long enough to remove all CO2 from the gas phase. We injected 5 niL of the gas phase into the gas chromathgraph with a glass syringe, The HbCO concentration was divided by the total hemoglobin concentration in each sample, yielding the bloodHbCO ratio, which was expressed in percent. The concentration of total hemoglobin was determined with the cyanMetHb method (6).
We evaluated the accuracy of the HbCO method by comparison with simultaneous measurement of hemoglobin pigments by diode-array spectrophotometry (7) .
Results
The mean HbCO ratio for the 13 infants of non-smoking mothers was 0.38% (SD 0.13%), the same as that of their mothers (0.38% SD 0.26%). In the non-smoking mothers, the SD was larger than in their infants (P <0.05).
The infants of the seven cigarette-smoking mothers had a mean HbCO ratio of 1.88% (SD 1.21%), which was significantly (P <0.05) higher than that of their mothers (1.28%, SD 1.26%) and also significantly higher than that of the infants of non-smoking mothers (P <0.001), and the HbCO ratios of the mothers differed likewise (P <0.01).
HbCO ratios for the cigarette-smoking mothers and their infants were correlated (r = 0.83, P <0.05), those for the non-smoking mothers and their infants were not. We saw no correlation of HbCO ratios with either daily cigarette consumption or the interval since the last cigarette.
Methodological data. The gas chromatography of HbCO is an equilibrium method; with prolonged incubation, results are consistent. The standard curves were linear. The correlation coefficient (r) was 0.999. The SD for the HbCO ratio was 0.13% for 40 duplicate measurements. For 40 samples, HbCO as measured by gas chromatography was the same as measured by diode-array spectrophothmetry (mean values 2.79% and 2.72%; r = 0.99). No inaccuracy was observed with the diode-array spectrophotometer, probably because we used absorption coefficients for pure hemoglobin pigments measured in the same instrument. For instance, measured HbCO was identical in fully oxygenated or deoxygenated blood (mean 39.40% and 39.44%). Analytical recov-
